Impact of Fatigue on Outcomes in the Hemodialysis (HEMO) Study
94% of the patients would accept more frequent dialysis if it would increase their energy level, but only 19% would do so for an increase in survival up to 3 years [10] . However, despite advances in the knowledge and practice of delivering dialysis and improving biochemical markers of uremia, our ability to improve this critical patient-centered outcome remains very limited. The principal obstacles to improving our understanding and treatment of fatigue in ESRD patients are the relative paucity of data on its correlates and clinical implications, conflicting findings and a dearth of longitudinal data on the potentially modifiable correlates. Multiple physiologic, psychological, sociodemographic and treatment-related factors are likely associated with fatigue, but their complex and reciprocal interactions with fatigue are poorly understood [1, 2, 11, 12] . If fatigue influences healthrelated quality of life (HRQOL) and/or survival, there would be a strong rationale for identification of fatigue and its correlates early in HD patients. Doing so may enable clinicians to treat modifiable risk factors early and thereby improve outcomes.
To this end, we examined the correlates of fatigue as well as its association with HRQOL, all-cause and causespecific mortality, and cardiac hospitalizations in prevalent HD patients in the HEMO Study. Although the effect of HD dose and flux on HRQOL in the HEMO study has been reported previously [13] , the predictors of baseline fatigue and of longitudinal changes in fatigue in this wellcharacterized, multi-center, diverse cohort of maintenance HD patients have not been evaluated. Additionally, ours is the first study that examines longitudinal changes in fatigue and its association with survival.
Methods

Study Participants
The HEMO Study was a randomized controlled trial of 1,846 maintenance HD patients at 15 clinical centers comprising 72 dialysis units. It was designed to evaluate the effects of HD dose and membrane flux on morbidity and mortality in patients undergoing chronic HD. Patients were randomized by dose (standard vs. high-dose eKt/V) and membrane type (high-or low-flux membranes). Patient eligibility criteria have been described previously [14] . Enrollment lasted from March 1995 to October 2000. The mean follow-up was 2.84 8 1.84 years. The Institutional Review Boards at the 15 institutions approved the study protocol and all participants provided written informed consent.
Assessment of HRQOL and Fatigue
At randomization and annually during follow-up, HEMO study patients responded to HRQOL surveys as previously described [13] . Patients were administered the Kidney Disease Quality of Life-Long Form (KDQOL-LF), which contains the Medical Outcome Study 36-item short-form (SF-36) questionnaire. The SF-36 yields eight multi-item scales that measure physical functioning, bodily pain, mental health, general health, vitality, role emotional, role physical and social functioning. The SF-36 vitality scale has good psychometric properties; internal consistency and reliability in the ESRD population [15] . We used the vitality scale of the SF-36 as a measure of the continuum of fatigue for this analysis. Scores range from 0 to 100, with higher scores reflecting more vitality and less fatigue.
In order to limit the number of comparisons, we only examined the associations of vitality scores with SF-36 Physical Functioning and Mental Health scores, as these were a priori thought to be related to fatigue. The range for all scales is from 0 to 100, with higher scores indicating better health. The KDQOL instrument was also used to assess sleep quality. The sleep questions (10 items) assess subjective sleep initiation and maintenance, as well as daytime somnolence.
Classification of Cause-Specific Mortality
The determination of cause-specific mortality in the HEMO study has been previously described [13] . The cause-specific infectious, cardiac, and cardiovascular deaths were selected for this report since these are the most common etiologies of death among HD patients.
Selection of Covariates
Factors previously found to be associated with fatigue in the general population and among dialysis patients were examined [2] [3] [4] 8] : (1) demographic and clinical: age, gender, race, education, body mass index (BMI), blood pressure, smoking status; (2) dialysis-related factors: duration of dialysis; (3) laboratory tests: calcium (mg/dl), phosphorus (mg/dl), hematocrit (mg/dl), and serum albumin (g/dl); (4) comorbidity: index of coexistent diseases (ICED) score (calculated after excluding diabetes mellitus as a comorbidity) and diabetes mellitus; (5) treatment arms: since these data were collected in the setting of a randomized trial, the treatment arms were included as covariates; (6) psychological factors: SF-36 Mental Health score and sleep quality; (7) medication use: angiotensin-converting enzyme inhibitor (ACE-I), betablockers, alpha-1 inhibitor, erythropoietin, and self-reported use of medications for sleep (we did not have information on specific medications used for this purpose).
Statistical Analysis
Patients were grouped into four categories (quartiles) based on baseline vitality score so that the outcome could be analyzed as an ordinal variable to allow for easier clinical interpretation. We assumed, a priori, that any observed association of other variables with vitality would be linear across the quartiles. The trend tests supported this assumption post hoc. Baseline demographic, socioeconomic and laboratory factors are described as means and standard deviations (SDs) for continuous variables and as frequencies for categorical variables. Candidates for a multivariable ordinal logistic model were obtained via single covariate ordinal logistic regression models with an inclusion criterion of p ! 0.2. Stepwise selection models were then used to obtain predictors of fatigue after adjusting for known confounders and forcing age, sex, race, BMI, medication use (ACE-I, beta-blockers, alpha-1 inhibitor, erythropoietin, sleep medication), and interview status (completed questionnaires via interview versus self) into the models.
To analyze the association of baseline fatigue with subsequent hospitalizations and all-cause and cause-specific mortality, unadjusted and adjusted hazard rates were obtained using proportional hazards regression. The hazard rates were adjusted by including those variables significant from the stepwise selection procedure described above along with age, sex, race, BMI, medication use, interview status, flux group, and dose group.
Longitudinal changes in vitality, and its effect on all-cause mortality were assessed via joint modeling. Joint models simultaneously assess the impact of changes in vitality on survival over time, while accounting for potentially informative missing vitality score data due to censoring and patient death. The model we used assigns a unique random intercept and slope to each patient which captures linear changes in vitality score over time. This 'true', but unobserved vitality is then used to adjust the survival experience which was assumed to follow a Weibull distribution. The degree of association between the 'true' vitality scores and survival can be interpreted as the change in mean survival per unit change in vitality score [16] . A linear trend test for the vitality quartiles was also computed, with vitality as a continuous variable in the model. The estimates of association obtained from the joint modeling of vitality and all-cause mortality are reported.
Results
Baseline Patient Characteristics by Levels of Fatigue
Baseline characteristics of patients with different levels of fatigue are shown in table 1 . The range of vitality scores among these prevalent HD patients was 0-100 with the mean being 50.0 8 21.8 SD. A total of 1,308 (72.7%) patients in our study had a baseline vitality score below the community-based average score of 60.9 8 20.9 [17] . Patients with a higher level of fatigue were more likely to be older, non-African-American, unemployed, and diabetic; they had more severe comorbid illness (higher ICED score) and slightly lower serum albumin levels; they had a higher likelihood of using medication for sleep and being administered the KDQOL-LF survey by an interviewer (as opposed to self-completion). Those with higher fatigue at baseline also reported a significantly lower HRQOL in the domains of mental health, physical functioning and sleep quality. There were no differences in serum creatinine, BMI, smoking status or duration of dialysis among the vitality quartiles. In addition, we found no significant differences in vitality scores across different strata of hematocrit (data not shown). Notably, there was a relatively narrow range of hematocrit values among patients in different quartiles.
Independent Predictors of Fatigue
In multivariable analysis, African-American race was independently associated with less fatigue, as was higher serum albumin level. Higher ICED score, diabetes and use of sleep medications were independent predictors of more fatigue. Longer duration of dialysis also predicted less fatigue, although the effect size was small ( table 2 ) .
Association of Fatigue with Survival
Patients with baseline vitality scores in the first, second and third quartile were compared with those in the highest quartile (score 6 65). The association of fatigue with all-cause mortality, cause-specific mortality, first cardiac hospitalization and the composite outcome of first cardiac hospitalization or cardiac death is shown in table 3 . Patients in the lowest two vitality quartiles had a significantly higher risk of death from any cause as depicted in figure 1 (crude HR: 1.97, 95% CI 1.63-2.36, and 1.33: 95% CI 1.10-1.60). The risk of death was attenuated but remained significant for the lowest vitality quartile after adjusting for age, sex, race, BMI, ICED, duration of dialysis, albumin, treatment groups (flux and Kt/V group), medication use and interviewed status (HR: 1.37, 95% CI 1.12-1.67). There was a nonsignificant trend toward a higher hazard observed in the second and third quartile in the adjusted models.
We noted a trend towards increasing risk of death from cardiac death, infectious diseases and first cardiac hospitalization with worsening fatigue, but this was not statistically significant in the adjusted models. There was, however, a significantly increased risk for the composite outcome of first cardiac hospitalization or cardiac death with worsening fatigue (adjusted HR 1.27, 95% CI 1.04-1.56; table 3 ).
Longitudinal Changes in Fatigue and Its Association with All-Cause Mortality
Results of this joint modeling are presented in table 4 . Follow-up data for a median of 1.02 years were available for 1,763 patients. Patients who were older, had higher ICED score, reported using sleep medications and had been on dialysis for longer duration were more likely to experience worsening of fatigue over time. African-Americans and patients with higher serum albumin had improvement in fatigue over time ( table 4 ) . The adjusted estimate of the model association of longitudinal change in fatigue with survival was 0.01 (p ! 0.0001, 95% CI 0.01-0.02; table 4 ). Transforming this estimate as 100 ؒ exp(estimate -1) implies a one-unit increase in vitality score is associated with a 1.00% increase in mean survival. 
Discussion
Our findings demonstrate that maintenance HD patients commonly experience severe fatigue. The average vitality scores of these patients are lower than nearly every other chronic health condition [17] . More than 50% of the patients in our study had a vitality score of less than 50, which is comparable to those with severe depression [18] , cancer patients undergoing chemotherapy [19] , and those with lupus [20] .
Our results identify some of the important correlates of fatigue, which can facilitate our understanding of the complex and interdependent relations of these with fatigue and overall HRQOL. Some of these may be potentially modifiable and may have important clinical implications in developing interventions to mitigate fatigue in these patients. We observed that higher ICED score, presence of diabetes and use of sleep medications were associated with more fatigue at baseline. In contrast, increased number of years on dialysis, African-American race and having higher albumin were associated with less fatigue.
The importance of fatigue as an indicator of health in the HD population was further highlighted by the strong association of fatigue with HRQOL and survival in our study. We found that more severe fatigue at baseline was independently associated with an increased risk of allcause mortality, cardiac mortality and a composite of cardiac mortality or first cardiac hospitalization in maintenance HD patients, even after adjusting for traditional risk factors. These results build upon findings from prior studies in the general population [21] and HD patients [8, 9] and provide results that are more generalizable to maintenance HD patients in the USA as represented by the diverse, multicenter HEMO cohort.
Our results further extend these findings and demonstrate, for the first time, that not only baseline fatigue, but longitudinal changes in fatigue over time are also independently associated with mortality in HD patients. We found that every 10-point increase in vitality score over time increased the chances of survival by 10%. The biological mechanisms through which fatigue is associated with survival are not well understood. Similar to the general population, metabolic, hemodynamic and immune responses such as abnormal lipid metabolism, decreased fibrinolysis, low heart-rate variability and higher levels of proinflammatory cytokines associated with fatigue may also contribute to increased risk of cardiovascular events and death in the ESRD population [8, 21] . Thus, periodic assessment of fatigue, specially worsening of fatigue over Our study demonstrated that higher albumin was strongly and independently associated with improved fatigue and survival over time. An increase in albumin by 1 g/dl was associated with an increase in vitality score by 7.7 points and 21% decrease in risk of death. Hypoalbuminemia, which is a marker of malnutrition-inflammation complex syndrome and a strong predictor of poor quality of life and cardiovascular death [22] [23] [24] [25] , may also similarly affect fatigue in maintenance HD patients. These findings are consistent with reports demonstrating that dialysis patients with laboratory evidence of malnutrition and/or inflammation have low levels of physical activity, higher fatigue and mortality [1, 2, 8, 26] . Perhaps improving nutrition or increasing albumin levels by pharmacological interventions [27] in these patients will improve not only quantity but also quality of life by reducing fatigue.
In our study, the African-American HD patients had an improvement in fatigue on longitudinal follow-up as compared to non-African-American patients. These results are in concordance with findings from the Dialysis Morbidity and Mortality Study Wave 2, CHOICE and HEMO study, which demonstrated that African-Americans perceive lesser burden of disease than non-AfricanAmericans [8, 28, 29] . These findings suggest that race may play an important role in determining adaptation to dialysis.
We observed that patients with higher fatigue had significantly worse physical and mental HRQOL and poor sleep quality. Self-reported use of sleep medications was associated with higher baseline fatigue and predicted worsening of fatigue over time. It may be that people who were using sleep medications had poorer sleep quality and thus reported more fatigue, or that fatigue may be a side effect of these medications. Studies are needed to assess whether improving sleep quality (e.g. by using CPAP for patients with obstructive sleep apnea) will reduce fatigue in these patients.
One of the surprising and counterintuitive findings in our study was that longer dialysis vintage was significantly associated with lower fatigue at baseline. The patients in the HEMO study had been on dialysis for an average of 4 years and may represent a self-selected cohort of patients who are healthier than those who died before being enrolled in the study. This association was not seen on longitudinal follow-up which is less susceptible to survivorship bias.
Our study has a number of strengths from using participants in the HEMO study who reflect a diverse, multicenter sample of maintenance HD patients. The HEMO study facilitated highly successful longitudinal data collection, making the results of our longitudinal analysis very important and reliable. Also, ours is the largest study assessing fatigue and survival in this patient population. Additionally, the HEMO study collected data on causespecific mortality and cardiac hospitalizations, thus allowing us to analyze the effect of fatigue on these specific outcomes. By using the novel approach of joint modeling, we accounted for the association between the longitudinal change in fatigue and survival when estimating the effect of fatigue and survival. This modeling approach also addresses selection and survivor bias as mentioned above.
There are several limitations to our study. First, the HEMO study enrolled only prevalent dialysis patients, and thus the findings may not generalize to patients who are initiating dialysis. However, our findings do provide a glimpse into how patients can expect to feel once they are established on maintenance dialysis. Moreover, we found no differences in baseline fatigue when stratified by dialysis vintage. Additionally, although the HEMO study enrolled participants from 1995 to 2000, our results are still likely valid today as few, if any, advancements in the technique of delivering HD have shown to improve HRQOL in these patients [30] . Also, these are selected clinical trial patients, which may limit the generalizability of our findings. Second, depression was not assessed in the HEMO study. Depression, as well as the medications used to treat it, can affect fatigue and sleep and can be a potential confounding factor. Future studies should aim at measuring depression, and its treatment and fatigue concurrently. Third, the SF-36 vitality scale may fail to fully capture people with more severe fatigue. However, this instrument has been extensively used to assess fatigue in the general population and other chronic health conditions, allowing for comparison with these populations. Future work should consider instruments which reliably measure more severe fatigue.
In conclusion, the results of our study provide clinically relevant information on predictors of fatigue in the ESRD population. Some of these, such as sleep quality and albumin levels may be modifiable and amenable to interventions. Baseline fatigue and longitudinal changes in fatigue over time may influence the risk of death. Future work should focus on investigating the impact of potential pharmacological or exercise-based interventions to mitigate fatigue, such as those used for cancer-related fatigue [31, 32] . This may help improve survival and HRQOL in this growing and chronically ill patient population.
